Agrobacterium tumefaciens infects fresh wound sites on most dicotyledonous1}
bacterial and plant cell walls, a process analogous to conjugation.5)
In addition, it has been shown that both conjugation and early stage in crown gall induction have a thermosensitive step.7i8) From the above information, I have speculated that cell walls and plasma membranesof Agrobacterium and the host plant must alter in the early stage of infection whensuccessfull gall formation takes place at the permissive temperature. I have nowanalyzed a change in outer membraneand periplasm proteins (cell surface proteins) of A. tumefaciens inoculated on carrot root slices and identified the proteins that appeared to be involved in the transfer of the T-DNAto carrot cells. Twostrains of A. tumefaciens were used; one is a wild and virulent strain (ATCC23308, harboring an octopine type plasmid) and the other is an avirulent (nontumorigenic) isolate derived from the wild strain. Unless otherwise stated, the wild strain was used. A. tumefaciens was inoculated on both sides of washed slices (1.2 cm thick) of carrot (Daucus carota L.) roots at a density of2.1 x 108 cells/cm2. The inoculated slices were incubated at 22°C or 33°C in a moist plastic box. After incubation, the inoculated slices were shaken in cold water at 90 strokes/min for 15min to collect the "releasable" cells and A. tumefaciensthat were still bound to slices after shaking were called "bound" cells. After electrophoresis, the gels were stained with silver and scanned by a Shimadzu Dual-wavelength TLCscanner (CS-910). The Ti-plasmid was prepared by the method of Currier and Nester10) modified by Machida.n) The isolated plasmid DNAwas digested by Hindlll and probed with digoxigenin-dUTP-labeled 2.7-kb DNAnear the left border of T-DNA. With an avirulent isolate of A. tumefaciens used in this work, the plasmid DNAwas not detected by Southern blot hybridization using 2.7-kb DNAnear the left border of the T-DNAas a probe (Fig. 1) . The surface proteins of wild and avirulent strains were very similar (Fig. 1) . No gall was formed on the slices that were incubated at 33°C for ll days after inoculation.
On the other hand, many big galls appeared on the inoculated slices that were incubated at 22°C for the same incubation period. A considerable number of large galls were formed on inoculated slices that were incubated at 22°C for only the first one day and then incubated at 33°C for 10 days. The results confirmed the presence of thermosensitive step(s) in early stage of gall induction on carrot roots. In addition, they suggested that the T-DNAwas transferred into carrot cells within one day after inoculation and that alteration of cell surface of A. tumefaciens would occur also within one day after inoculation. The experimental conditions are described in the text. released from carrot slices incubated at 22°C; c, virulent cells released from carrot slices incubated at 33°C; d, virulent cells bound to carrot slices incubated at 22°C; e, virulent cells bound to carrot slices incubated at 33°C; f, avirulent cells released from carrot root slices incubated at 22°C; g, avirulent cells released from carrot root slices incubated at 33°C; h, virulent cells released from sweet potato (Ipomoea batatas, Lam.) root slices incubated at 22°C; i, virulent cells released from sweet potato root slices incubated at 33°C; Any protein bands except lyzozyme were not detected on electrophoresised gel whennon-inoculated disks were treated as the inoculated disks.
Taking account of the implications of the experiment mentioned above that the T-DNAmay be transferred only at 22°C but not at 33°C, I focussed on the difference in the cell surface protein componentsdue to differences in incubation temperature. The cell surface proteins of A.
tumefaciens released from slices that were incubated at 22°C and 33°C for 24hr were clearly different from each other in the region of molecular mass from 100kDato 60kDa (Figs. 2b and 2c ) but were the same in the lower molecular mass region (data not shown). Virtually no protein bands were detected in the region from 100kDa to 60 kDa with the sample from 22°C-incubated slices (Fig.  2b) , while strong protein bands were detected at 94kDa and 67kDa with the sample from 33°C-incubated slices (Fig. 2c) . In cell surface proteins from the bound A. tumefaciens, there was no difference between 22°C and 33°C incubations (Figs. 2d and 2e) . tumefaciens (virulent strain) was inoculated onto the filters (0.45 iim pore size) placed on cut surfaces of carrot root slices and incubated at either 22°C or 33°C for 24hr, no difference was observed in cell surface proteins of A. tumefaciens (data not shown). The result indicated that direct cell to cell contact between A. tumefaciens and carrot root cells was necessary to induce the change in cell surface proteins of A. tumefaciens.
depended on incubation temperature occurred only in A.
tumefaciens released from carrot roots but not in A. tumefaciens bound firmly to the roots. There are some possible explanations for this. A plausible one is that the bound A. tumefaciens were cells which were bound to ineffective sites on the carrot root and could not be induced to transfer the T-DNA. Taken together, it is suggested that the 94 and 67kDa proteins that disappeared from the outer membraneor periplasm of A. tumefaciens released from carrot roots incubated at 22°C for 24hr are involved in the transfer of T-DNAto carrot root cells. These proteins might be used to construct a conjugational structure for the T-DNA transfer.
